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INTRODUCTION 

The purpose o f  t h i s  paper i s  t o  summarize recent i n fo rma t ion  from coal  
l i q u e f a c t i o n  s tud ies i n  bench scale as we l l  as i n  i n teg ra ted  process develop- 
ment u n i t s ,  t oge the r  w i t h  t h e  data from new a n a l y t i c a l  techniques which have 
prov ided subs tan t i a l  amounts o f  new in fo rma t ion  on several impor tant  aspects 
o f  coa l  s t r u c t u r e  and coal r e a c t i v i t y .  The r e s u l t s  o f  these s tud ies  reveal  
t h a t  e x i s t i n g  coal models and cu r ren t  empir ica l  t e s t s  f o r  coal r e a c t i v i t y  no 
longer  r e f l e c t  adequately t h e  new knowledge o f  coal s t r u c t u r e  and coal 
r e a c t i v i t y .  

E a r l i e r  approaches t o  d i r e c t  coal l i q u e f a c t i o n  employed h igh -seve r i t y  
operat ing cond i t i ons  o f  pressure, temperature and coa l / so l ven t  s l u r r y  con tac t  
t ime, t o  achieve i n  one reac to r  t h e  h ighest  coal  conversion and d i s t i l l a t e  
y i e l d  poss ib le .  High-sever i ty  thermal processing d i d  not necessa r i l y  l ead  
t o  react ions t h a t  were a l l  des i rab le ,  but  resu l ted  i n  undesi rab le regress ion 
react ions,  such as polymer izat ion,  condensation and an increase i n  t h e  aromatic 
nature o f  t he  i n i t i a l l y - f o r m e d  coal fragments. Although e levated temperatures 
may be necessary f o r  t h e  breakdown o f  the o r i g i n a l  coal s t ruc tu re ,  p reven t i ve  
means, such as a k i n e t i c a l l y  r a p i d  hydrogen t r a n s f e r  from a hydrogen donor 
so l ven t  t o  s t a b i l i z e  the  o v e r a l l  so lvent-coal  adduct, have been employed t o  
m i t i g a t e  the regress ive react ions.  However, because o f  l ack  o f  s u f f i c i e n t  
t rans fe rab le  hydrogen t o  maximize t h e  conversion o f  t h e  aspha l to l s  and 
asphaltenes, which con ta in  h i g h l y  r e a c t i v e  func t i ona l  groups, po lymer izat ion/  
condensation and d e a l k y l a t i o n  reac t i ons  s t i l l  occur, as evidenced by h i g h  
hydrocarbon gas y i e l d .  

DISCUSSION 

The key r o l e  o f  t he  func t i ona l  groups. and i n  p a r t i c u l a r  o f  t h e  phenols, 
i n  promoting and p a r t i c i p a t i n g  i n  polymerizationlcondensation reac t i ons  i s  
we l l  estab l ished (1) .  
groups attached t o  t h e  aromatic s t r u c t u r e  o f  t he  coal and o f  t h e  donor 
so l ven t  i s  t h a t  o f  forming f r e e  r a d i c a l s  a t  h i g h  thermal seve r i t y ,  
competing k i n e t i c a l l y  and t a k i n g  away the a v a i l a b l e  hydrogen d i r e c t e d  t o  
the  condensed aromatic s t r u c t u r e ,  which even tua l l y  goes t o  coke o r  i n s o l u b l e  
organic  matter. 
by crack ing hydrogenated aromatic r i n g s  du r ing  upgrading o f  t h e  coal ex t rac ts ,  
has n o t  been s u f f i c i e n t l y  s tud ied,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  t h e i r  key 
r o l e  i n  coal l i q u e f a c t i o n .  High thermal s e v e r i t y  coa l  l i q u e f a c t i o n  processes, 
which have monopolized bench scale research and scale-up e f f o r t s  from t h e  
e a r l y  German d i scove r ies  t o  t h e  present time. seem t o  have a pronounced 
dependency on coal s t r u c t u r e  somewhat s i m i l a r  t o  those o f  coal g a s i f i c a t i o n  
and combustion, s ince a l l  o f  these are operat ing above the a c t i v a t i o n  energ ies 
of a l l  the major react ions i nvo l ved  and are dominated by an unordered 

But t h e  seemingly impor tant  f u n c t i o n  o f  t h e  a l i p h a t i c  

The f a t e  o f  t he  a l i p h a t i c  groups i n  coals  and those formed 
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re t rogress ive  condensation, c r a c k i n g  and t r a n s a l k y l a t i o n  ar ray  o f  
react ions.  For these and o t h e r  reasons t h e  organic s t ruc tu re  o f  coal  has 
appeared t o  researchers as a h i g h l y  c ross l inked,  amorphous and unreac t ive  
macro-mol ecul  a r  s t r u c t u r e  . 
A more recent approach uses low-sever i ty  coal  l i q u e f a c t i o n  i n  separated 
bu t  i n teg ra ted  stages i n  o rder  t o  op t im ize  the  coal d i s s o l u t i o n  and coal 
ex t rac t  upgrading s teps  ( 2 ) .  
o f  new a n a l y t i c a l  techniques have produced r e s u l t s  which change s u b s t a n t i a l l y  
our approach t o  coal  l i q u e f a c t i o n  techniques, have insp i red  new thoughts i n  
unrave l ing  t h e  complex mechanism o f  d i r e c t  coal  l i q u e f a c t i o n  a t  low- 
seve r i t y  and more i m p o r t a n t l y  g i ve  us a r a d i c a l l y  d i f f e r e n t  p i c t u r e  o f  
t h e  s t r u c t u r e  and r e a c t i v i t y  of coa ls  than has been provided by h igh-sever i ty  
l ique fac t ion ,  g a s i f i c a t i o n  and combustion processes. 

Important new i n f o r m a t i o n  f rom t h i s  new approach includes: 

This emerging technology and the  development 

Low-severity processing forms m o s t l y  r e a c t i v e  low molecular-weight 
fragments. 
are formed i n  t h e  very e a r l y  stages o f  l i q u e f a c t i o n ,  can condense t o  
form s t ruc tu res  s i m i l a r  t o  those produced by h igh-sever i ty  l i q u e f a c t i o n  

Thermally produced coal  e x t r a c t s  c o n t a i n  h igh  l e v e l s  o f  heteroatom 
compounds and a re  " r e f r a c t o r y "  t o  c a t a l y t i c  hydrogenation. 
low-sever i ty  produced e x t r a c t s  a re  low i n  heteroatoms and more e a s i l y  
hydrogenatable, and c o n s i s t e n t l y  y i e l d  exce l l en t  equ i l i b r i um hydrogen 
donor so lvent  (4) .  

Perhaps because o f  t he  occurrence o f  low molecular-weight reac t i ve  coal  
fragments, surrounded by a recyc le  solvent which i s  low i n  heteroatoms 
and r i c h  i n  hydroaromat ics,  t h i s  approach appears t o  be successful i n  
processing both high- and l o w - r e a c t i v i t y  coals, and producing s i m i l a r  
conversions and s i m i l a r  product q u a l i t i e s  from both  types o f  coal ,  
support ing t h e  n o t i o n  t h a t  conversion and product q u a l i t y  i s  less  
dependent on coal  c h a r a c t e r i s t i c s  and more dependent on process 
operat ion than p r e v i o u s l y  be l ieved (4) .  

Proton NMR ana lys is ,  m o d i f i e d  t o  p rov ide  data on d i s t i l l a t e  and non- 
d i s t i l l a t e  f r a c t i o n s ,  served t o  c r e a t e  a working k i n e t i c  model f o r  
coal e x t r a c t  hydroprocessing, t h u s  enabl ing us t o  d i s t i n g u i s h  
c a t a l y t i c  hydrogenat ion from r i n g  opening and p a r t i c u l a r l y  from 
dea lky la t i on  of t h e  h i g h l y  a l k y l a t e d  condensed hydroaomatic compounds 
produced by l o w - s e v e r i t y  l i q u e f a c t i o n ,  and t o  p r e d i c t  so lvent  donor 
q u a l i t y  as we l l  as t h e  y i e l d  s t r u c t u r e  o f  t he  upgraded products (5). 

I f  n o t  p r o p e r i y  quenched, these reac t i ve  fragments, which 

( 3 ) .  

Conversely 

Other important i n f o r m a t i o n  has been obtained by var ious  sources working 
a t  low-sever i ty  process cond i t ions ,  b u t  t h i s  in fo rmat ion  i s  most ly r e l a t e d  
t o  o p e r a b i l i t y  advantages, s ince  processing was t h e  main ob jec t i ve  o f  t h e  
p ro jec ts  involved. 
t o  d i sc lose  a completely d i f f e r e n t  p i c t u r e  of the  re la t i onsh ip  between t h e  
s t r u c t u r e  and r e a c t i v i t y  o f  coals and low-sever i ty  coa l  l i que fac t i on .  

Nevertheless, t h e  l i m i t e d  in fo rmat ion  given here appears 
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We are d i scove r ing  more s i m i l a r i t i e s  i n  coal -der ived products even though 
the re  a re  l a r g e  d i f f e r e n c e s  i n  the  s t r u c t u r e  o f  t he  coals  from which these 
products  are derived. These s i m i l a r i t i e s  become more ev ident  as the  coa l /  
so l ven t  donor s l u r r y  i s  processed a t  c o n t r o l l e d  low-sever i ty  i n  the  
e x t r a c t i o n  as we l l  as i n  t h e  upgrading steps under t h e  cond i t i ons  where 
e q u i l i b r i u m  i s  more c l o s e l y  reached and i n  t h e  presence o f  an aged c a t a l y s t  
w i t h  s teady-state a c t i v i t y .  

It i s  extremely d i f f i c u l t  t o  capture i n  research bench sca le  u n i t s  t h e  
essence o f  t h e  r e s u l t s  produced i n  an i n teg ra ted  continuous process because 
t h e  r a p i d  i n i t i a l  d e a c t i v a t i o n  o f  f r e s h  c a t a l y s t  prov ides cont inuously  
changing cond i t i ons  l ead ing  t o  r a t h e r  confus ing r e s u l t s .  Also, most o f  t he  
key da ta  and bene f i t s ,  i.e., increased coal conversion, enhanced donor q u a l i t y ,  
and increased format ion o f  few major condensed hydroaromatic compounds, are 
obta ined on ly  a f t e r  severa l  cyc les  o f  t h e  i n t e g r a t e d  continuous staged 
operat ion.  A t  process equ i l i b r i um,  benzopyrenes, phenanthrenes and chrysenes 
and t h e i r  h i g h l y  a l k y l a t e d  d e r i v a t i v e s  c o n s t i t u t e  more than 60 percent o f  t he  
t o t a l  product, whether a bituminous o r  a subbituminous coal i s  employed as 
t h e  s t a r t i n g  ma te r ia l  (6). 

R&D COORDINATION 

Current  research e f f o r t s  on coal  l i q u e f a c t i o n  are l ead ing  t o  f u r t h e r  
improvement i n  t h e  understanding o f  t h e  mechanism o f  react ions occu r r i ng  a t  
even lower  temperatures and o v e r a l l  l e s s  severe processing cond i t i ons ,  
revea l i ng  t h a t  coal, aspha l to l s  and asphaltenes are much more r e a c t i v e  
species than p rev ious l y  thought. It can be s ta ted  t h a t  t he re  i s  a t u r n  o f  
events occu r r i ng  i n  d i r e c t  coa l  l i q u e f a c t i o n ,  which from a steady 
evo lu t i ona ry  progress, has r e c e n t l y  become a revo lu t i ona ry  processing approach. 
P re l im ina ry  r e s u l t s  i n d i c a t e  t h a t  t h i s  approach w i l l  p rov ide  a much l a r g e r  
“equa l i ze r ”  e f f e c t  on processing any t ype  o f  coal ,  making i t  even more 
process dependent r a t h e r  than coal t y p e  dependent ( 7 ) .  

On t h e  bas is  o f  t he  above new in format ion,  e v i d e n t l y  t h e r e  i s  an urgent  need 
f o r  in-depth d i scuss ion  between researchers who are dedicated t o  u n r a v e l l i n g  
coal c h a r a c t e r i s t i c s ,  mechanisms and r e a c t i v i t i e s  and those who are devoted 
t o  coal  processing and the  k i n e t i c  aspects o f  t he  reac t i ons  invo lved i n  each 
phase o f  the low-sever i ty  coal  l i q u e f a c t i o n  process. 

Due t o  changing economics, t h e  i n t r o d u c t i o n  o f  new la rge -sca le  coal convers ion 
processes has been postponed and, as a consequence, more t ime  i s  a v a i l a b l e  
f o r  research t o  ga in  fundamental i n s i g h t s  i n t o  coal s t r u c t u r e  and t o  ob ta in  
a b e t t e r  understanding o f  i t s  impact on coal l i q u e f a c t i o n .  

Therefore, t h e  recent  e x c i t i n g  r e s u l t s  obta ined i n  t h e  development o f  an 
emerging technology i n  d i r e c t  coal l i q u e f a c t i o n  should be discussed, 
p o s s i b l y  i n  smal l -sca le symposia, as a supplement t o  t h e  large-scale 
conferences, i .e., ACS, AIChE, Contractors ’  and Coal Science Conferences 
and t h u s  prov ide t h e  oppor tun i t y  f o r  in-depth d iscuss ions and a maximum 
p r o f i t  from exchange o f  knowledge and ideas, and b e t t e r  u t i l i z a t i o n  o f  
research t a l e n t s  and d o l l a r s .  
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